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Electron transport properties in a parallel double-quantum-dot structure with three-terminals are
theoretically studied. By introducing a local Rashba spin-orbit coupling, we find that an incident
electron from one terminal can select a specific terminal to depart from the quantum dots according
to its spin state. As a result, spin polarization and spin separation can be simultaneously realized in
this structure. And spin polarizations in different terminals can be inverted by tuning the structure
parameters. The underlying quantum interference that gives rise to such a result is analyzed in the
language of Feynman paths for the electron transmission.
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I. INTRODUCTION
Spintronics is one of the most attractive investi-
gation frontier both for the theoretical and experi-
mental aspects due to the potential application of
nano-devices, in which generating and controlling
a spin-polarized current through a mesoscopic sys-
tem is the major issue as demonstrated in a variety
of relevant works[1, 2]. One of the feasible tech-
niques to achieve spin-polarized current is electrical
spin injection, but the efficiency through ferromag-
netic/ nonmagnetic semiconductor junctions is usu-
ally small due to the conductivity mismatch[3, 4, 5].
An alternative method is the optical spin orienta-
tion technique[6], which is difficult to integrate with
electronic devices.
Spin-orbit(SO) coupling is an important mecha-
nism that influences the electron spin state, since
it couples the spin degree of freedom of an electron
to its orbital motion and vice versa. In particular,
in low-dimensional structures Rashba SO interaction
comes into play by exerting an electric potential to
destroy the symmetry of space inversion in an arbi-
trary spatial direction[7, 8, 9, 10]. Thus, based on
the properties of Rashba interaction, electric control
and manipulation of the spin state is feasible. Since
Datta and Das proposed the concept of spin-field-
effect transistor[11], effects of SO interaction on the
electronic transport properties have been paid much
attention[12, 13, 14, 15, 16]. During the past two
decades, a great number of studies have been de-
voted to improve the efficiency of spin polarization
in the transport system based on the SO interaction
but not under magnetic field or coupled FM leads[1].
In the spin Hall devices, it has been observed that
the pure spin current is induced in the transverse
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direction by the SO interaction by applying a longi-
tudinal electric field in the two-dimensional electron
(hole) system[12, 13]. Very recently, Rashba inter-
action has been introduced to quantum dot (QD)
systems, e.g., the Rashba interaction is locally ap-
plied to one QD in one arm of an Aharonov-Bohm
(AB) interferometer[10, 14, 16]. In these structures,
with the interplay of the magnetic field and Rahsba
SO interaction, remarkable spin polarization comes
into being during the electron transport process.
In the present work, we introduce Rashba SO in-
teraction to act locally on one QD of a double QD
AB ring, in which an additional lead is laterally cou-
pled to another QD. In comparison with a single
QD structure, such double QDs have more tunable
parameters, and provide more Feynman paths for
electron transmission. Furthermore, Rashba inter-
action can bring about the spin-dependent phase.
Accordingly, it is expected that quantum interfer-
ence in such a double QD structure can give rise
to the spin-related electronic transport properties.
The most interesting result we obtain is that an in-
cident electron from one terminal can select a spe-
cific terminal to depart from the QDs according to
its spin state. In other words, such a structure can
realize the functions of spin polarization and spin
separation simultaneously. And these functions can
be tuned by the structure parameters. We find that
the Rashba interaction and the terminal triplet play
the crucial roles in creating such a feature.
The rest of the paper is organized as follows.
In Sec. II, the electron Hamiltonian of second-
quantization including the Rashba SO interaction in
the double-QD structure is introduced first. Then a
formula for linear conductance is derived by means
of the nonequilibrium Green function technique. In
Sec. III, the calculated results about the conduc-
tance spectra are shown. Then a discussion con-
cerning the spin polarization and separation is given.
Finally, the main results are summarized in Sec. IV.
2II. MODEL
The parallel double QD structure that we consider
is illustrated in Fig. 1. Apart from the left and right
leads, another lead is applied to couple laterally to
QD-2. A gate voltage is applied on QD-1 to induce
a local Rashba SO interaction. The Hamiltonian to
describe the electronic motion in the structure reads
H = HC +HD +HT . (1)
The first term is the Hamiltonian for the noninter-
acting electrons in three leads:
HC =
∑
σ,k,α
εkαc
†
kασckασ, (2)
where c†kασ (ckασ) is an operator to create (annihi-
late) an electron of the continuous state |kα, σ〉 in
the lead-α(α = L,R,D), and εkα is the correspond-
ing single-particle energy. σ =↑, ↓ denotes the spin
index. The second term describes electron in double
QDs, which takes a form as
HD =
∑
j,σ
εjd
†
jσdjσ +
∑
j
Ujnj↑nj↓, (3)
where d†jσ (djσ) is the creation (annihilation) opera-
tor of electron in QD-j(j = 1, 2), εj denotes the elec-
tron level in the corresponding QD. Uj represents the
intradot Coulomb repulsion, and the interdot elec-
tron interaction is ignored since it is usually much
smaller than the intradot one due to the screening
effect. The last term in the total Hamiltonian de-
scribes the electron tunneling between the leads and
QDs, which is given by
HT =
∑
σ,j,k
(VjLσd
†
jσckLσ + VjRσd
†
jσckRσ)
+
∑
σ,k
V2Dσd
†
2σckDσ +H.c., (4)
where Vjασ denotes the QD-lead coupling coeffi-
cients. They take the forms as: V1Lσ = V e
iφ/4+iσϕ,
V ∗1Rσ = V e
iφ/4+iσϕ, V ∗2Lσ = V2Rσ = V e
iφ/4, and
V2Dσ = VD. This implies that the couplings be-
tween the L and R leads and the QDs have the
uniform strength V but different phases. The cou-
pling between lead-D and QD-2 can have the dif-
ferent strength. The phase φ is associated with the
magnetic flux Φ threading the system by a relation
φ = 2piΦ/Φ0, where Φ0 = h/e is the flux quantum.
Besides, the spin-dependent phase σφ arises from
the electron spin precession induced by the Rashba
SO coupling[10].
Next we turn to discuss the electron transport
through this structure. With the Green function
technique, the current flow in lead-β can be written
as[17, 18]
Jβ =
∑
σ
Jβσ =
e
h
∑
ασ
∫
dωTβα,σ(ω)[fβ(ω)− fα(ω)],
(5)
where Tβα,σ(ω) = Tr[Γ
β
σG
r
σ(ω)Γ
α
σG
a
σ(ω)] is the
transmission function, describing electron tunneling
ability between lead-β and lead-α via double QDs,
and fα(ω) is the Fermi distribution function in lead-
α. The QD-lead coupling matrix [Γασ ] is defined as
[Γασ ]jl = 2piVjασV
∗
lασρα(ω), and the matrix elements
are constants considering the two-dimensional na-
ture of the density of states ρα(ω) in lead-α. By
defining Γ0 = 2pi|V |
2ρα(ω), we can write these ma-
trixes as
[ΓLσ ] = Γ0
[
1 ei
φ
2
+iσϕ
e−i
φ
2
−iσϕ 1
]
,
[ΓRσ ] = Γ0
[
1 e−i
φ
2
−iσϕ
ei
φ
2
+iσϕ 1
]
, (6)
and [Γσ]jl =
1
2 ([Γ
L
σ ]jl + [Γ
R
σ ]jl) denotes the aver-
age QD-lead coupling. Grσ and G
a
σ, the retarded
and advanced Green functions, obey the relation-
ship [Grσ] = [G
a
σ]
†. And the matrix elements of Grσ
are defined as [Grσ]lj(ω) =
∫ +∞
−∞ [G
r
σ(t)]lje
iωtdt with
[Grσ(t)]lj = −iθ(t)〈{dlσ(t), d
†
jσ}〉. The chemical po-
tential of lead-L µL is considered as the zero point
of energy of the system, denoted as µL = 0. µR and
µD, the chemical potentials in other two leads, are
fixed at µR = µD = µL − δ. Thereby, the electron
injects from lead-L and departs from the QDs via
the other two leads. Thus there are two channels for
the electronic tunneling in this structure, i.e., the
L → R channel and L → D channel. When the
electron transport is in the linear regime and at low
temperature, the current flow defined in Eq.(5) re-
duces to Jβσ = GβL,σ[−δ]. So the current flow in
lead-β is proportional to the linear conductances
GβL,σ =
e2
h
TβL,σ(ω)|ω=0, (7)
with β = R or D. It is obvious that the linear con-
ductances are associated with the Green functions,
which can be solved by means of the equation-of-
motion method. By a straightforward derivation, we
obtain the matrix form of retarded Green function
[Grσ(ω)]
=
[
(z − ε1)S1σ + iΓ0 iΓ0 cos(
φ
2 + σϕ)
iΓ0 cos(
φ
2 + σϕ) (z − ε2)S2σ + i(Γ0 +
ΓD
2 )
]−1
,(8)
with z = ω + i0+ and ΓD = [Γ
D
σ ]22. And Sjσ =
z−εj−Uj
z−εj−Uj+Uj〈njσ¯〉
accounts for the contribution of
the Coulomb interaction up to the second-order
approximation[19, 20]. The average electron occu-
pation number in QD is determined by the relations
〈njσ〉 = −
1
pi
∫
dωIm[Grσ]jj . So the Green function
can be numerically resolved by iteration technique.
3III. NUMERICAL RESULTS AND
DISCUSSIONS
With the formulation developed in the previous
section, we can perform the numerical calculation
to investigate the linear conductance spectra of the
two-channel AB interferometer. Prior to the calcu-
lation, we need to introduce a parameter t0 as the
units of energy.
First of all, we are concerned with the adjust-
ment of a magnetic field on the linear conductances.
In Fig.2(a) the conductances versus the magnetic
phase φ is plotted in the absence of Rashba inter-
action. We choose the coupling between QD-2 and
lead-D ΓD = Γ0 = 2t0, and consider the QD levels
ε1 = ε2 = 0. In such a simple case, the Hamil-
tonian is independent of the electron spin, hence
GβL,σ = GβL,σ¯ = GβL. Besides, the Hubbard U does
not affect the electron transport since εjSjσ = 0 ac-
cording to the treatment of the electron interaction
given above. An interesting result shown in Fig.2(a)
is that the two conductances, GRL and GDL, do not
vary with φ in phase. In particular, when φ = npi,
the magnetic phase being a multiple of pi, the peak
of one conductance (GRL or GDL) just encounters
the valley of another one.
When Rashba interaction comes into play, the
linear conductance becomes spin dependent. In
Fig.2(b) and (c) the linear conductances versus the
magnetic phase φ are plotted in the presence of
Rashba interaction with the corresponding phase
ϕ = pi4 . Under the current experimental circum-
stance such an SO coupling strength is available[15].
From Fig.2(b) and (c) we can see that the conduc-
tances GβL,σ and GβL,σ¯ show remarkable difference
from each other around the points of φ = (n+ 12 )pi,
which implies a striking spin polarization in the cur-
rent flow in lead-β. More importantly, GRL,σ and
GDL,σ¯ almost oscillate in phase. At φ = (n +
1
2 )pi,
both reach their respective maxima. This means
that around the points φ = (n + 12 )pi the incident
electron from lead-L can select a specific lead to
leave the QDs according to its spin state. Thus, we
implement the spin polarization and spin separation
simultaneously in such a structure at a specific mag-
netic field. In addition, by adjusting the magnetic
field, the orientations of spin polarization in lead-R
and lead-D can be just interchanged.
The underlying physics that gives rise to the
spin dependent electron transport property shown
in Fig.2 is quantum interference. In order to ob-
tain an intuitive picture about the quantum inter-
ference, we analyze the electron transmission in the
language of Feynman path. To do so, we need firstly
to rewrite the electron transmission function in a
form as TRL,σ(ω) = |
2∑
j,l=1
tRL,σ(j, l)|
2, where the
electron transmission probability amplitudes are de-
fined as tRL,σ(j, l) = VRjσG
r
jl,σVlLσ with Vjασ =
V∗αjσ = Vjασ
√
2piρα(ω). Following the expansion of
the Green function
Gr11,σ =
g−12σ
g−11σ g
−1
2σ + Γ12,σΓ21,σ
=
∞∑
j=0
g1(−g1σg2σΓ12,σΓ21,σ)
j ,
(9)
we can then express the transmission probability
amplitude tRL,σ(1, 1) as a summation of Feynman
paths of all orders, i.e.,
tRL,σ(1, 1)
=
∞∑
j=0
VR1σg1σ(−g1σg2σΓ12,σΓ21,σ)
jV1Lσ =
∞∑
j=0
t
(j)
RL,σ(1, 1).
(10)
Here g1σ = (z−ε1+iΓ0)
−1 and g2σ = (z−ε2+iΓ0+
i
2ΓD)
−1. They are the Green functions of individual
QD when another QD is removed from the structure.
It is obvious that higher-order Feynman paths have
more complicated forms. By the same token, we
can expand tRL,σ(1, 2) as a summation of Feynman
paths, which is given by
tRL,σ(1, 2)
=
∞∑
j=1
iVR1σ(−g1σg2σΓ12,σ)
jΓj−121 V2Lσ =
∞∑
j=1
t
(j)
RL,σ(1, 2).
(11)
Besides, the other transmission coefficients
tRL,σ(2, 2) and tRL,σ(2, 1) have the similar ex-
pansions as tRL,σ(1, 1) and tRL,σ(1, 2). The
lowest-order Feynman paths in above equa-
tions are t
(0)
RL,σ(1, 1) = VR1σg1σV1Lσ and
t
(0)
RL,σ(2, 2) = VR2σg2σV2Lσ. All Feynman paths
contribute to the linear conductances coherently,
the lowest-order ones are the leading terms, though.
As shown in Fig.3(a), the contribution of the zero-
order paths has the similar oscillation to the ex-
act linear conductance with the magnetic adjust-
ment. Therefore, we can only take into account
the zero-order paths, i.e, t
(0)
RL,σ(1, 1) and t
(0)
RL,σ(2, 2),
to analyze the quantum interference that cause the
spin-dependent electron transport between lead-R
and lead-L, as shown in Fig.2. The phase differ-
ence between the two zero order paths is ∆θσ =
[φ+2σϕ+θ1−θ2], where the phase θj arises from the
Green function gjσ, i.e, gjσ = |gjσ|e
iθj . According
to the above relation, we can realize that φ, σϕ, and
θ1 − θ2 are the phases associated with the magnetic
field, Rashba interaction, and the QD parameters,
respectively. They interplay to influence the quan-
tum interference. And it should be noticed that the
Rashba interaction gives rise to the spin dependence
of the phase, hence to lead to the spin-dependent
conductance. For the cases shown in Fig.2, the
Rashba strength ϕ = pi4 and both θ1 and θ2 are equal
to −pi2 due to QD levels being fixed at the Fermi
level. Then the change of φ influences the quantum
4interference and brings out spin polarization. In the
case of φ = (n + 12 )pi, the opposite-spin electrons
will undergo distinct quantum interference. For ex-
ample, when φ = 12pi the interference for spin-up
electron between the two zero-order Feynman paths
is destructive with ∆θ↑ = pi, but for the spin-down
electron it is constructive since ∆θ↓ = 0; However, in
the case of φ = −12 pi the situation just becomes op-
posite, namely, the interference for spin-up electron
is constructive whereas it is destructive for the spin-
down electron. In contrast, in the case of φ = npi
it can be readily seen that the quantum interference
and the conductance does not depend on the spin
freedom. Taking the case of φ = pi as an example,
one has ∆θ↑ =
3
2pi and ∆θ↓ =
1
2pi. As a result, when
the opposite-spin electrons tunnel through the two
paths, they undergo the same quantum interference
and no spin polarization occurs.
With the similar method, we can ana-
lyze TDL,σ(ω) by writing out TDL,σ(ω) =
|
2∑
l=1
tDL,σ(2, l)|
2. Here lead-R plays the same
role as lead-D in the above case to act on the
quantum coherence. It is useful for us to give the
explicit forms of the lowest-order Feynman paths
herein. They are tDL,σ(2, 2) and tDL,σ(2, 1), with
Fig.3(b) shows the contribution of the above lowest-
order paths to the conductance, which presents the
in-phase oscillation to the exact conductance spec-
trum. So we can analyze the quantum interference
by taking only the lowest-order Feynman paths into
account. The phase difference between t
(0)
DL,σ(2, 2)
and t
(1a)
DL,σ(2, 1) is ν0a,σ = [φ + 2σϕ + θ1 +
pi
2 ], the
phase difference between t
(0)
DL,σ(2, 2) and t
(1b)
DL,σ(2, 1)
is ν0b = [θ1 +
pi
2 ], and the phase difference between
t
(1a)
DL,σ(2, 1) and t
(1b)
DL,σ(2, 1) is νab,σ = [φ + 2σϕ].
With this phase relations, we can find that, when
φ = 12pi, ν0a,↑ = 2pi, ν0b = pi, and νab,↑ = pi
which give rise to the constructive interference for
spin-up electron, but for the spin-down electron it is
destructive since ν0a,↓ = pi and νab,↓ = 0. Besides,
with the help of these analysis, it can also be found
that the peak of GRL,σ encounters the valley of
GDL,σ and vice versa.
One of the characteristics of QD is its tunable
level with respect to the Fermi level, which can al-
ter the phases of Feynman paths taking part in the
quantum interference. Therefore, we now turn to
discuss the variation of the spin-polarized current
flow with the shift of QD level. In the absence of
a magnetic field but in the presence of Rashba in-
teraction with ϕ = 14pi, we calculate the linear con-
ductances as functions of ε1 = ε2 = ε0, which are
shown in Fig.4(a) and (b). From these spectra one
can find the notable and opposite spin polarizations
in the L → R and L → D channels except at the
vicinity of ε0 = 0. Besides, in either channel the
spin polarization flips over when ε0 passes through
the Fermi level. These results can be readily un-
derstood by analyzing the quantum interference fol-
lowing the above argument. Namely, we will dis-
cuss the quantum interference by taking only the
lowest-order Feynman paths into account. This is
supported by the calculated results shown in Fig.4(c)
and (d), which are the contributions of the lowest-
order Feynman paths to the conductances. They
show that the spin polarizations in analogy with
the exact ones shown in Fig.4(a) and (b), respec-
tively. As for the Feynman paths from lead-R the
phase difference ∆θσ = 2σϕ + θ1 − θ2, in which
θ1 − θ2 = tan
−1 Γ0
ε0
− tan−1 2Γ0+ΓD2ε0 is nonzero when
ε0 departs from the Fermi level. As a result, when
electron tunnels through t
(0)
RL,σ(1, 1) and t
(0)
RL,σ(2, 2),
the phase difference is associated with the electron
spin. For example, at the point of ε0 = 2t0 where
the spin polarization is very striking, we can obtain
∆θ↑ =
7
20pi and ∆θ↓ =
−13
20 pi; Conversely, at the
point of ε0 = −2t0, ∆θ↑ =
13
20pi and ∆θ↓ =
−7
20 pi.
These distinct phase differences just lead to oppo-
site quantum interference for the opposite-spin elec-
trons in lead-R, hence the notable spin polarization
in the electron transport through this lead. Further-
more, ε0 passing through the Fermi level inverses
the spin polarization. As for the quantum inter-
ference in the other channel, the situation is more
complicated since there are three low-order Feyn-
man paths to be taken into account. We can find
νab,↑/↓ = (+/−)
1
2pi independent of the adjustment of
ε0. Besides, ν0b =
3
4pi, ν0a,↑ =
5
4pi, and ν0a,↓ =
1
4pi,
when ε0 = 2t0; ε0 = −2t0 corresponds to ν0b =
5
4pi,
ν0a,↑ =
7
4pi, and ν0a,↓ =
5
4pi. The contribution of
the three low-order paths to the conductance is dis-
played in Fig.4(d), which agrees with the calcula-
tions of these phase differences. Based on these
analysis, it is also clear that for the same nonzero
ε0 the spin polarization in different channels are op-
posite to each other. Therefore, with the tuning of
gate voltage, the spin-up polarized current in lead-R
and spin-down polarized current in lead-D can come
into being simultaneously. It is worth mentioning
that the spin-dependent conductance spectra shown
Fig.4 are obtained in the absence of a magnetic field,
which indicates that an external field is not indis-
pensable to cause the spin related quantum interfer-
ence. Without a magnetic field one can still fulfill
the required result of the spin-dependent electron
transport by tuning the QD parameters.
It should be pointed out that, the third lead(lead-
D) is essential to realize the spin polarization in the
absence of a magnetic field. For instance, when
ΓD = 0, g1σ and g2σ correspond to the same
phase(θ1− θ2 ≡ 0), which makes the total phase dif-
ference to be nothing to do with the electron spin.
Hence only in a multi-terminal structure the elec-
tron transport with the spin-polarization effect can
be fulfilled. And for the two-terminal case and in
the absence of magnetic field, spin polarization is
impossible.
As is known, so far it is still a formidable challenge
5to fabricate experimentally an QD structure consist-
ing of identical QDs. Thereby it is necessary for us to
investigate the influence of the fluctuations of struc-
ture parameters on the spin polarization and separa-
tion during the electron transport process. We then
calculate the conductance spectra with the fluctu-
ated structure parameters, i.e, the QD levels and
QD-lead couplings. The corresponding results are
shown in Fig.5. From Fig.5(a)-(b), we find that the
increase of the difference of QD levels brings out a
little weakening of the spin polarization when ε0 is
below the Fermi level, whereas it strengthens the
spin polarization for the case of ε0 above the Fermi
level. However, the fluctuation of QD levels can not
result in the remarkable destruction of the spin po-
larization and separation. On the other hand, ac-
cording to the results in Fig.5(c)-(d) we can see that
the fluctuations of QD-lead couplings are not able to
induce the change of the electron transport in prin-
ciple until the fluctuations exceed 30%. Therefore,
our conclusion is that the spin polarization and sep-
aration in this structure does not require an absolute
uniformity of the structure parameters.
Finally, we have to point out that the appropri-
ate Rashba coupling strength is crucial for the ef-
fect of spin polarization and separation in such a
three-terminal double-QD structure. To illustrate
this, we see the cases of zero magnetic field and
ϕ = pi2 , thus Γ12,σ = Γ21,σ = 0. Accordingly,
the contributions of the higher-order paths become
zero due to the destructive quantum interference.
In such a case TRL,σ = |t
(0)
RL,σ(1, 1) + t
(0)
RL,σ(2, 2)|
2,
and the phase difference resulting from the opposite-
spin electrons passing through these two paths is
∆θσ = [pi + θ1 − θ2], which is independent of the
electron spin. Alternatively, TDL,σ = |t
(0)
DL,σ(2, 2)|
2,
which is also irrelevant to the spin index but shows
a Breit-Wigner lineshape in the linear conductance
spectrum. Therefore, in this case the quantum in-
terference does not involve the electron spin, and no
spin polarization occurs.
So far we have not discuss the effect of electron in-
teraction on the spin-dependent conductance spec-
tra, though it is included in our theoretical treat-
ment. Now we incorporate the electron interaction
into the calculation of the conductance spectra. We
wonder whether it can destroy the property of spin
polarization and separation. We deal with the many-
body terms by employing the second-order approx-
imation, since we are not interested in the electron
correlation here. And a uniform Coulomb repulsion
U = 3t0 is assumed for both QDs. Figure 6 shows
the calculated conductance spectrum. It is found
that in the linear conductance spectra are separated
into two groups due to the Coulomb repulsion, and
they are symmetric about the center of insulating
band ε0 = −U/2, which arises from the electron-hole
symmetry[19]. Clearly, in such an approximation
the Rashba-related spin polarization and separation
effect remain.
With regard to the many-body effect, we should
emphasize the following point. Our calculation indi-
cates that the electron interaction does not destroy
the spin polarization and separation effect in this
structure. However, we have taken the many-body
terms into account within the approximations only
to second order and did not consider the electron
correlation, e.g, the Kondo effect. Thus one can pay
attention to the influence of Kondo resonance on the
spin polarization and separation by setting the QDs
in the Kondo regime. We would like to point out
that in this system, the Kondo effect can destroy the
phenomena of spin polarization and separation. It
is known that in equilibrium, the influence of Kondo
effect on electron transport is to renormalize the QD
levels to coincide with the Fermi level of the sys-
tem, which gives rise to the Kondo resonance. How-
ever, according to the Feynman path theory above
such a property will bring out the invariability of
the phase of gjσ (i.e, θj ≈ −pi/2), which will modify
the quantum interference in this system and restrain
the spin polarization and separation. Up to now, we
can make a conclusion that only in the case of rel-
atively small Coulomb repulsion, the properties of
spin polarization and separation can be observed.
We now turn to investigate the electron transport
properties of this structure in the case of finite bias
voltage, to clarify the effect of finite bias voltage
on the spin polarization and separation. The cor-
responding numerical results in Fig.7 describe the
change of the current in the drain (lead-R and lead-
D) with the increase of bias voltage. In Fig.7(a), the
noninteracting case, we can see that with the adjust-
ment of the bias voltage the the properties of spin
polarization and separation remain in this electron
transport process. Besides, when the many-body ef-
fect is taken into account to the second order of the
equation of motion, the similar results to the nonin-
teracting case are found, as shown in Fig.7(b).
IV. SUMMARY
In conclusion, we have theoretically investigated
the electron transport properties in a parallel
double-QD structure with three-terminals. By in-
troducing the local Rashba spin-orbit coupling, we
find that an incident electron from one terminal can
select a specific terminal to depart from the QDs ac-
cording to its spin state. As a result, the functions of
spin polarization and separation can be simultane-
ously realized in this structure. And spin polariza-
tions in different channels can be inverted by tuning
the structure parameters. The underlying quantum
interference that gives rise to such results is analyzed
in the language of Feynman paths for the electron
transmission. We find that the total phase differ-
ences between any two low-order Feynman paths as-
sociated with the Rashba interaction, the applied
magnetic field, and the QD scattering. In partic-
6ular, the Rashba interaction provides a spin-related
phase, which is the origin of the spin-dependent elec-
tron transport properties as we have reported. Be-
sides, it should be noted that a magnetic field and
the QD parameters can adjust the phase difference
on the equal footing. Therefore, an applied magnetic
field is not indispensable to realize the spin polar-
ization in this structure. Instead of it, we can also
obtain these results via the adjustment of the QD
parameters such as the QD levels. In addition, by
the detailed analysis on the quantum interference,
we find that for the appropriate Rashba interaction
strength(i.e., ϕ ∼ pi/4), it is possible to result in the
spin polarization and separation. And either of three
leads is absolutely necessary in the absence of mag-
netic field. However, for a two-terminal structure it
is impossible to obtain the spin polarization with-
out the magnetic field. When the approximation of
many-body effect is considered to second order, it is
found that the phenomena of spin polarization and
separation remain. On the basis of this feature, we
propose that such a structure can be considered as
a device prototype to manipulate the spin freedom.
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7FIG. 1: A schematic of the parallel double QD structure
with three terminals (labeled as L, R, and D). An elec-
tric field is applied to QD-1 to induce the local Rashba
interaction; Φ indicates a magnetic flux penetrating the
ring.
FIG. 2: The linear conductances versus the magnetic
phase φ. The structure parameters take the values as
εj = 0 and Γ0 = 2t0. (a) In the absence of Rashba inter-
action. (b) and (c) In the presence of Rashba interaction
with the strength ϕ = 1
4
pi.
FIG. 3: A comparison between the exact conductance
and the contributions of the lowest-order Feynman paths
to the corresponding conductances.
FIG. 4: (a) and (b) The linear conductances versus the
QD level ε0 in the presence of Rashba interaction with
ϕ = 1
4
pi. (c) and (d) The contribution of the lowest-order
Feynman paths.
FIG. 5: The conductance spectra in the presence of
the fluctuated QD parameters. (a) and (b) The con-
ductances with the QD levels different from each other.
The results of ε1 = ε0 + δ and ε2 = ε0 − δ with δ = 0,
0.1t0, and 0.5t0 are shown, respectively. (c) and (d)
The conductances with the fluctuation of the QD-lead
couplings. The fluctuation is measured by the quantity
∆Γ = [
P
j x
2
j/N− (
P
j xj/N)
2]1/2 with xj = [Γ
α]jj , and
the cases of ∆Γ = 5% and = 10% are investigated.
FIG. 6: The conductances versus the QD levels in the
presence of electron interaction with U = 3t0 in both
QDs.
FIG. 7: The current versus the finite bias voltage. (a)
corresponds to the noninteracting case, and (b) is the
result in the presence of many-body effect.
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